Mobility systems in megacities are facing persistent sustainability problems. A focus on regime shift in transitions literature in addressing these problems reflects a western bias as it relies on niches as sources of change. In megacities like in Kolkata, India, public transportation is dominant, and actors are more concerned to improve and upgrade a variety of public transport regimes. In this paper, we develop a framework for such regime analysis and explore regime transformation as a pathway in between regime optimisation and regime transition pathways. Drawing from evolutionary and institutional theories of socio-technical change, we characterised these three pathways of regime change through changes in trajectories, rules and selection pressures. Applying this novel framework, we study sociotechnical changes in the past 15 years in multiple urban public transportation regimes in Kolkata through a mapping tool which may be useful in policy contexts. We find that regime actors can act as front-runners in these change processes and that meta-rules guide directionality of change. We conclude on how sustainability transitions can happen right away within existing regimes, without recourse to niche development.
Introduction
Megacities around the world are witnessing acute sustainability problems in mobility systems.
Transport is by far one of the most polluting sectors and a major source of social injustice and inequality issues related to citizen's mobility (Mullen and Marsden, 2016; Busby and Shidore, 2017) . In this article, we will address persistent mobility problems in one of the largest megacities in India, namely Kolkata. Public transportation is the dominant system for mobility in Kolkata a consists of a wide variety of road, rail and water-based systems like metro, trams, trains, buses, ferries, auto-rickshaws, cycle rickshaws etc. Actors in Kolkata are responding to these persistent mobility problems by improving the existing public transportation system, instead of substituting it for alternative systems. Such improvements are seen in the sustainability transitions literature as regime optimisation which may enhance the performance of the regime but will never be sufficient for confronting persistent problems.
The later needs a regime-shift or a transition (Grin et al., 2010; Elzen et al., 2004) .
In this article, we argue that a sole focus on transitions as regime-shifts reflects a western bias. By the term western, we refer to a transition pattern which tends to be dominant in specific contexts, such as Western Europe, the USA and Japan. Patterns that are different from that observed in the contexts can be considered non-western. Other similar distinctions could be used such as Global North and South, developed and developing world. All of them have a geographical reference but are not bound by geographical markers. Instead, they represent specific transition patterns, compared from the perspective of the west, Global North or the developed world. In western contexts, mobility transition predominantly means shifting away from the carbon and energy-intensive private automobility regime or "car culture" and towards shared and mass transport systems (Geels et al., 2012; Mattioli, 2016; Cheyne and Imran, 2016; Sovacool, 2017) . Most transition case studies in the west focus on niche experimentation with car-sharing, automation and electrification (Truffer, 2003; Bergman, 2017; Sprei, 2017) . These niche innovations may be present in non-western cities such as Kolkata, the case-study for this article; however, they are not the dominant way of approaching problems that Kolkata is experiencing every day. Kolkata is a densely populated city where a majority of people rely heavily on many forms of public transportation for everyday life. Regime actors involved in governing and operating public transportation systems in Kolkata are heavily invested in expanding, modernising and improving the existing public transport system of the city in order to address sustainability issues without necessarily reducing the variety of options. This, we argue in this paper, to be of no less importance than a transition to a new system and should perhaps not be perceived as just optimising the existing old-fashioned and outdated regimes. We thus need more nuanced ways of understanding and analysing regime-change prompted by regime actors without relying on niche innovations. For this purpose, we would mobilise the concept of transformation.
In the sustainability transitions literature, the term 'transformation' is commonly used, loosely referring to 'wider', 'societal, 'gradual', 'large scale' 'structural change' processes (Sengers et al., 2016; Raven et al., 2017; Wieczorek et al., 2017) . Many authors have used the notion of transformation and transitions interchangeably (Hölscher et al., 2017; Patterson et al., 2016) . Some have defined an opposition: transitions being more top-down and transformations being more bottom-up (Stirling, 2014; Scoones et al., 2015) . Whatever is the case, scholars engaging with either transition or transformation concepts or both, share a "common interest in understanding and supporting desirable societal change" (Hölscher et al., 2017: 2) . In this paper, we have built on authors who define transformation as a specific pathway, but we use a new method to operationalise the differences between the pathways. Geels and Schot (2007;  see also Geels and Kemp 2007) identified four transition pathways next to the regime optimisation pathway. Three of them are niche based: substitution, reconfiguration and de-alignment and re-alignment, while the fourth transformation pathway relies on actions taken by regime actors. More in general transitions literature has so far attached incumbency and resistance to change to regime actors, while niche actors are considered real 'innovators' who drive transitions (Geels, 2002; 2004) . Many studies continue to emphasise niche creation and regime destabilisation as central to transitions Roberts, 2017) . Recently, there is an emerging literature which recognises the role of incumbents or regime actors in driving regime change (Kungl, 2015; Geels, 2017 , van Mossel et al., 2018 . Mobilising the transformation pathway, this paper can be situated in the later stream of literature since we put more emphasis on change coming from within the regime.
Most importantly, however, we offer a systemic way of mapping regime optimisation, regime transformation and regime transition pathways (bringing all niche-based pathways from Geels and Schot (2007) under the umbrella of the third pathway) building on a new operationalisation of the regime concept. This allows us to answer our research question: how can we analyse different pathways of change in socio-technical regimes comprising public transportation system in Kolkata?
As we will show from our literature overview, despite the importance of the regime concept in the sustainability transitions literature, it has not been operationalised adequately for indepth analysis. In order to understand the differences between various change patterns, we revisit the evolutionary and institutional foundations of the regime concept which then lead us to a new framework for mapping regime change. This framework will allow us to decide whether a pathway can be considered optimisation, transformation or transition. This is important because we get a better understanding of various pathways for unlocking existing unsustainable socio-technical systems and moving to more sustainable ones. Furthermore, it may help regime actors to unlock the potential of prevailing public transportation systems and work on a plurality of possible pathways from optimisation to transformation and transition -necessary for addressing the persistent problems in the mobility system of nonwestern megacities.
In the next section, we review the literature to unpack the regime concept and various pathways of socio-technical change. In section 3, we introduce our theoretical framework.
This includes a set of propositions for distinguishing between regime optimisation, regime transformation and regime transition. In section 4, we propose the methodology for the casestudy. In section 5, we present the analysis. The results are discussed in section 6 and conclusions are drawn in section 7.
Literature review

Evolutionary origins of regime concept
The origins of the regime concept as used in the sustainability transitions literature lie in the evolutionary theory of technical change (Nelson and Winter, 1977; Nelson and Winter, 1982; Dosi, 1982) . The technological regime was defined as "technicians' beliefs about what is feasible and at least worth attempting" (Nelson & Winter, 1977: 57) . They argued that technicians' beliefs are bounded, work in a specific direction and thus result in trajectories.
Regimes are structured by shared and collective beliefs, routines (which can be formal or tacit) and heuristics (which make search processes less random, thereby promising but not guaranteeing success) (Rip, 1992) . These beliefs or as Simon (1982) calls 'bounded rationalities' guide technical change in particular directions, leading to incremental innovation along "natural trajectories" (Nelson and Winter, 1977: 56-57) . In other words, a regime not only defines boundaries but also "trajectories to those boundaries" (Nelson and Winter, 1977, p. 57) . Nelson and Winter (1977) assume that regimes come from scientific breakthroughs, and/or combinations of cumulative scientific developments and engineers and scientist are the carriers of the regime. As a range of incremental innovations emerges along the trajectories, the market competition acts as an ex-post selection pressure which decides which innovations get a chance to be developed (Dosi, 1982) . This is Darwinian selection mode, where blind variation and selective retention are dependent on existing routines and operate within firms that embody those routines (and technical options) (Schot, 1998; Schot and Geels, 2007) . In this path-dependent process of evolution of regime, it is impossible to know ex-ante, about which options will be successful owing to a lack of sense of direction. Dosi (1982) challenged the concept of a technological regime with 'technological paradigm' and introduced the idea of ex-ante selection (p. 155). Ex-ante refers to firms making choices before the setting of market selection. In biology, this is Lamarckian selection -which is not blind but directed based on fundamental decisions made by scientists, engineers and firms. Dosi (1982) defines technological paradigm as "a "model" and a "pattern" of solution of selected technological problems, based on selected principles derived from natural sciences and on selected material technologies" (p. 152). Actors can choose between paradigms, sets of technological trajectories within a paradigm; and further options within each technological trajectory. Dosi (1982) stressed that technical change is cumulative, directed and selective.
Choices within each trajectory are ex-post Darwinian selection, while Lamarckian ex-ante selection leads to choices in a set of trajectories and consequently shift in technological paradigm.
Ex-ante selection not only operates through scientific discoveries but is also based on promises and expectations of the future success of specific scientific and technological options (Van den Belt and Rip, 1987; Rip, 1992) . This then drives scientific exploration as actors engage in strategic games that are intentional and in anticipation of future market selection. This might lead to breakthroughs and exemplary achievements like paradigm or regime shift by bringing together a set of heuristics as well as a cultural matrix of expectations (Van den Belt and Rip, 1987: 138) . Actors voice, articulate, negotiate and stabilise expectations about technological possibilities, which subsequently structures future developments (Van Lente, 1993) . Stable expectations are translated into rules and routines which orient future trajectories.
1
This dynamic is what Rip (1992) as quasi-evolutionary since the ex-ante expectations provide a strategic direction and guide the "steps in the process of variation and selection [which] may be more important than the properties of a technology at any particular moment." (p. 92). The work on quasi-evolution led to (and fed into) the development of several new fields of research like sociology of expectations (Brown and Michael, 2003; Borup et al., 2006; Van Lente, 2012) , strategic niche management Hoogma et al, 2005; Schot and Geels, 2008) , Multi-level perspective (Geels, 2002) - which informed the development of the four transition pathways by Geels and Schot (2007) .
Socio-technical regime and rules
Sociological elaboration of the quasi-evolutionary model led to further development of the regime concept. In quasi-evolutionary theory, heuristics and routines are crucial to explaining technical change. But how do these routines operate? How do they relate to the agency of actors? These questions led to the introduction of the sociological rule concept derived from the work of Giddens (1984) . Schot (1998) argues that heuristics and routines follow cognitive, social and institutional structures.
At the same time, the concept of the technological regime was broadened to socio-technical regime due to a broader set of actors involved in the quasi-evolutionary model of transitions thinking. Rip and Kemp (1998) defines socio-technical regime as: "the rule-set or grammar embedded in a complex of engineering practices, production process technologies, product characteristics, skills, and procedures, ways of handling relevant artefacts and persons, ways of defining problems; all of them embedded in institutions and infrastructures (p.338)." This is built on Science and Technology Studies work arguing about there is a deep relationship between the social and the technical and the fact that technological change is not a process dominated by engineers and scientists (Pinch and Bijker, 1984; Bijker et al., 1987) . This was an important step, not only because it recognises social groups like users, businesses, policymakers, NGOs as innovators, but also because it means that regimes consist of different type of rules, not just heuristics which guide engineers. Other types of rules include those in 1 The concept of expectations was also central to early actor-network theory work in particular by Callon (1987) who stressed the dynamics between actor-worlds (expectations) and actor-networks. This dimension was lost in later actor-network work. user preferences, policy and governance mechanisms, industry structure and strategy.
Subsequently, it becomes possible to make a distinction between strong regimes in which these different rules (and actors) are aligned and weaker regimes in which they are less aligned. Alignment refers to rules reinforcing each other, being coordinated and working in the same direction. It does not mean full consensus among all actors. In general, one might assume that rules are never fully aligned, and therefore it makes sense to refer to regimes as semi-coherent (Rip and Kemp, 1998; Geels 2004 ).
Building on neo-institutional theory (DiMaggio and Powell, 1983; Scott 1995) , Geels (2004) argues that regimes contain three types of rules: Formal/regulative, cultural-cognitive and normative ones. Regulative rules are laws, regulations and standards; cognitive rules are belief systems, guiding principles, problems definition, heuristics and normative rules are role relationships, values and behavioural norms. Each group of rules evolves along a regime dimension, forming a trajectory (science and technology; policy and governance; Industry structure and strategy, market and user preferences; social-cultural meaning). Both steps together create a matrix as presented by Geels (2004, p. 906 The article (Geels, 2004 ) is highly cited, but the matrix of rules and trajectories is hardly applied systematically. One exception is an article by Verbong and Geels (2007) , where rules are mapped in the regime transformation in Dutch electricity system . Their analysis of rule changes is suggestive and not comprehensive. This is symptomatic for the sustainability transitions literature.
Regime change framework
Using the regime dimensions and rules outlined by Geels (2004) , we aim to make a more systematic and measurable distinction between regime optimisation, regime transformation and regime transition. Regime change starts with a regime becoming less coherent, often leading to more political tensions between actors. This happens when actors do not share rules, and they begin to question and change them, which may eventually lead to a regime transformation or transition. Our framework is built on a mapping tool consisting of a matrix of three types of rules in each of five regime dimensions (introduced below in Step 1 of application of the framework). Among the three types of rules, regulatory rules we assume can be seen as less fundamental than a change in cognitive rules because they can be adopted for instrumental reasons without a change in cognitive beliefs of different social groups. Characterised by i) change in all regime dimensions, representing a shift in paradigm, which is a complete redirection of the socio-technical system; ii) Change in all three types of rules particularly normative ones; iii) Change originated mainly from ex-ante selection pressure, leading to niche construction, thereby investment in socio-technical alternatives.
Figure 1. Regime change framework
To explore these propositions, we suggest three steps for application of the framework.
Step 1: Identify new trajectories across regime dimensions
Reviewing sources like Geels, (2002 like Geels, ( : 1263 2004: 906) and Sengers and Raven (2014: 456) , we came up with five regime dimensions:
1. Science and technology -includes design, artefacts, engineering side as well as the knowledge and research used to develop & justify technological decisions;
2. Policy and governance -includes policy directions, ideas, measures, mechanisms to govern 3. Industry structure and strategy -includes supply-side actors and arrangements, planning for operation, financing, service provision, maintenance and other aspects of day to functioning.
4. Market and users -includes market size, market composition, user preferences, and projected user preferences by producers and policymakers.
5. Socio-cultural dimension -includes acceptance and symbolic meaning of change in society -considering gender, ability and income class aspects.
Step 2. Identify change of rules along each regime dimension
Three types of rules can be identified following keywords based on Table 1 . We expect that normative rules (defined in terms of deep underlying values and norms) are shared across all dimensions of the regime since they "define legitimate means to pursue" beliefs and standards (Scott, 2001: 55) . Cognitive and regulatory rules can also be shared, but beliefs, expectations, laws and standards (constituting cognitive and regulative rules) are more likely to be specific to each regime dimension.
Step 3. Identify ex-ante and ex-post selection pressures
This step is to identify mechanisms for change: whether changes originate from ex-post selection or ex-ante selection pressures. An ex-post selection means response to existing problems and competition, mainly through new regulative rules. Ex-ante selection captures actors' anticipation of future problems that they feel cannot be solved by following current rules. This is often manifested through the change in cognitive and normative rules.
Case selection and methodology
Using the framework, in the next sections we attempt to characterise ongoing changes in the public transportation regimes in Kolkata. Kolkata is the capital city of the state of West Bengal, located in east India. It is the fourth most populous city in India and one of the most densely populated cities in the world (World population review, 2017). Majority of this population belong to lower middle-income group -53.68 per cent earning 15,000 -30,000 Indian rupees ($250-500) per month (Government of West Bengal, 2008) . A 'tiny minority' of wealthy class population can afford a car (The Guardian, 2014). As a result, Kolkata has the lowest percentage of private car ownership among all megacities in India (Bansal et al., 2016) .
Despite low car ownership, Kolkata has one of the highest rates of peak hour congestion in the country (Chin et al., 2018) . This results from lowest percentage of space available for transportation (6% of total land) coupled with high travel demand (Government of West Bengal, 2008) . Majority of Kolkata's citizens heavily rely on public transportation for their day to day mobility purposes. Kolkata offers an incredible variety of road, rail, water-based public transportation which requires attention for the mobility system to be more sustainable in the future. In the past decade, there have been "ambitious plans to expand transport networks [in the city], especially by building modern metro lines." (Chin et al., 2018: 10) . Many of the ongoing changes in public transportation are targeted to attract potential car users back towards public transport. These facts suggest that in order to understand sustainable mobility transition in Kolkata, we need to study changes in existing and dominant public transport regimes, instead of analysing a shift from private to public transport as is often done for western contexts (Geels et al., 2011) .
Focussing on the public transportation system of the city, we define the socio-technical configuration around each of the different public transport modes in Kolkata as a sociotechnical regime. The bus, metro or auto-rickshaw systems have their respective actornetworks, technologies, and rule-sets which qualifies them as independent regimes (Geels, 2004) . These regimes could also be seen as 'sub-regimes' (Elzen et al., 2011) or some of them even as sub-altern regimes (Turnheim et al., 2015) constituting the overarching 'public transport regime' of Kolkata However, for this paper, we treat them as individual regimes This data collected during and after the fieldwork was mobilised to identify new rules in particular dimensions in each regime. The key method of operationalising the framework for case analysis was locating rules through interpretation of the data primarily by the first author, followed by in-depth discussion, re-interpretation and evaluation of the robustness of the results by both authors. The subsequent challenge was placing changes in rules in the 'right' boxes in the mapping tables. This challenge was navigated through debating many aspects between authors in several phases. These aspects are 1) the type of rule indicated in a particular interviewee's statement or document; 2) the dimension of regime in which the rule change applies, 3) whether the selection pressure identified in, for instance, the objectives of policies are ex-ante or ex-post selection pressure; 4) whether or not there is a change in norms in the particular regime. The authors provided feedback to each other on these aspects from their interpretation of the data, which strengthened the analysis. Finally, the narrative of each case study was tailored to the sequence of rule changes showcased in the tables, so that the qualitative descriptions justifying each ticked box in the table is presented to the reader.
Empirical Analysis
We have studied twelve regimes, which co-constitute the public transportation system in Kolkata. Four out of these twelve regimes are hardly changing according to our framework in the past 15 years. These are the private bus, sub-urban and circular rail, hand-pulled rickshaw and walking regimes. Even though new technologies and rules are emerging in the regimes, they are either inadequate and/or quickly failed, thereby reverting the regime to its existing rules and trajectories. We leave these four regimes out of analysis in this paper and focus on the rest of the eight regimes that are either optimising, transforming and transitioning in the past 15 years.
Optimising regimes
5.1.1 Metro Table 2 . Metro regime optimisation
Regime rules
Regulative Cognitive Normative
Regime Dimensions
Science & Technology X ----
Kolkata was the first city in India to get a mass rapid transit system (metro) in the early 1980s.
Kolkata metro carries more than 500,000 passengers a day, making it second busiest public transport mode in the city, after buses. Post-2000, a trajectory. This will make metro regime likely to be a case of transformation in coming years. NGOs, activists and groups in social media are also lobbying against the plan for phasing out trams from Kolkata. "Kolkata-Melbourne Tramjatra movement" brought tram enthusiasts from Kolkata and Melbourne together, to resist the planned closure of Kolkata tram network through campaigning and artwork to raise awareness (Coates, 2016) . These plans and initiatives indicate tensions within the regime and the direction of regime change is yet to be determined. In recent years, there are new entrants in industry guiding the regime. From January 2016, a new commercial bank -'Bandhan Bank' committed to offering loans to rickshaw pullers, who are normally dependent on microfinance. This is a new regulative rule in industry structure and strategy, which is expected to facilitate easy access to funds for the poor and unemployed members of poor households to be able to own a rickshaw to earn a living. The Bank's mission indicates an ex-post selection pressure -to create self-employment opportunities for those "overlooked by the formal banking system" (Bandhan bank, 2017). At the same time, there were new ex-ante expectations about user needs and preferences.
Tram
Ferry
Cycle Rickshaw
Transforming regimes 5.2.1 State Bus
Working together and learning from cities in Europe, the bus operators share new cognitive expectations about the market and users of the state bus regime. They believe that users will benefit from being able to track the arrival of buses real-time through a smartphone, know the crowdedness of the buses beforehand, use a "panic button" and pay bus fares using smartcards [Interviewee 2, 7, 8] . Based on these expectations, the State Transport department introduced an all-in-one Transport card and a new app called "Pathadisha" in 2017. These add to the technological trajectory targeted towards the convenience of users. The cognitive rule in the market and user dimension, however, didn't yet lead to a new regulative/formal rule in the same dimension.
Currently, there are several efforts by media and bus regime actors to attach positive symbolic meaning to these initiatives. For instance, a national news platform reports: "Kolkata
becomes the first city in the country to introduce an all-in-one transport card… Thanks to this
move, people will no longer have to worry about carrying the exact fare for their transport. All they would have to do is swipe and pay." (Subramanian, 2017) . This quote indicates anticipation for a future, an 'idea about impact' on how citizens of Kolkata will experience public transportation differently -thereby depicting a new cognitive rule in socio-cultural dimension. This indicates a strong push for change in deep-rooted underlying norms about the perception and use of auto-rickshaw in Kolkata.
Auto-rickshaw
Complementing the fuel conversion super-trajectory, the state government took new initiatives to formalise and integrate the auto-rickshaw system within the public transportation network of Kolkata. The "Auto-policy", introduced in October 2016, represents new regulative rule in policy and governance dimension. The aim is to formalise routes and fare structures of auto operations in the city, driven by ex-post selection pressures of addressing existing inefficiencies, illegal operation of autos with no permits, and corrupt practices in the locally managed auto-rickshaw regime. So far, local political party affiliated 'unions' informally led the regime and supposedly protected the interest of auto operators.
The new cognitive expectations guiding this policy and governance trajectory is that, in this new arrangement, RTA and Kolkata Police will have more power to regulate and control operation of auto-rickshaws.
The policy trajectory resulted in new rules along the market and user dimension of the regime.
Previously, the auto operators allegedly distorted the market through cutting, extending, deviating routes and distorting, inflating fares for maximising income (CPR, 2014). The autopolicy intends to mitigate this fragility in the system by issuing permits tied to specific routes, badges for auto-drivers, vehicles fitted with High-Security Registration Plates (allowing "quick identification, legal conformity, and in its absence, fast prosecution") (TNN, 2016). These 
. women use auto-rickshaws for a variety of activities through the day, including
household chores, dropping and picking children and social activities, besides education and work trips." (Arora et al., 2016: 35-36) . Women find auto-rickshaws to be easily accessible, convenient and comfortable mode of transport, therefore holds a positive perception about autos being a formal mode of public transportation. This evidence suggests that there are new cognitive rules in market and user dimension as well as in the socio-cultural meaning of auto-rickshaws in Kolkata. Appreciating women's preference towards this mode, auto unions are taking initiatives to train women as auto-drivers, which was a male-dominated profession (Millennium Post, 2018) . The ex-post pressure guiding this new regulative rule in sociocultural dimension is that autos operated by female drivers will be considered safe and therefore more socially acceptable by women users.
This super-trajectory also hints at changing normative rules through a shift from informal to a formal system, from locally managed to a strictly regulated system. These indicate shifting underlying values that guide the regime. Moreover, values associated with autos by users are also shifting from last mile paratransit mode towards accepting autos as an indispensable mode for the main leg of the journey (Arora et al., 2016) . This suggests new norms, routines and habits emerging on use and acceptance of autos by citizens of Kolkata.
Transitioning regimes
5.3.1 Taxi   Table 8 . Transition to 'app-cab services'
Regime rules
Regulative Cognitive Normative market and users (where 'tech-savvy' young population willing to shift from driving own cars to using on-demand cabs) and socio-cultural meaning ( where app-cabs improve the mobility of people who are dependent on taxis and are better accepted due to transparency in transaction and safety promises) (Julka and Shrivastava, 2015) . Change of cognitive and regulative rules along all these dimensions indicate a transition, alongside ex-ante expectations future of taxi service. This transition is also resulting in changes in deeper underlying values, routines and practises associated with a taxi service. New values like trust in the app mechanism, enhanced levels of comfort, quality of service leading to the satisfaction of users mark new normative rules in the taxi regime. Kolkata's yellow taxi regime actors are also signing up in the new arrangements, to be booked online through Ola's platform as well as through new apps dedicated to yellow cabs, adapting to the direction of regime change (Press Trust of India, 2017) . At the same time, the app-cab companies are also facing recent backlashes with strikes and fall in numbers, due to cut-back on incentives (Velayanikal, 2017) . This transition is on-going, and the results are yet to be determined. 6. Discussion
Cycling in New Town Kolkata
Our analysis of individual public transport regimes led to findings that can improve the theoretical framework proposed in this paper. The results may also help regime actors to implement changes strategically in the real world.
The cases of optimisation, namely metro, tram, ferry and cycle-rickshaw regimes show changes in not more than two dimensions, except the ferry case which does change on three dimensions but almost no change in the category of the cognitive rule. However, the empirical cases sometimes deviated from the qualitative characterisation of optimisation as being primarily driven by changes in regulatory rules. In several instances, the only rule change has been cognitive, for example in market and user dimension in the metro case or the industry strategy dimension in tram regime. This observation may point towards a possible sequence or route of rule change where cognitive rules change first, and regulative rules follow. New cognitive rules are indicative of ex-ante selection pressure. Even though all optimisation cases are predominantly driven by ex-post competition (thereby confirming third proposition),
there were speculations about future market preference, and anticipations about new sociocultural meanings to be attached in future of these regimes. Regimes which show such indications are optimising but may be closer to transformation than others. This observation led us to reflect below on the boundaries between three pathways of regime change.
The two transforming regimes also show that rule change threshold works for both cases.
There Most importantly ex-ante selection mechanism works without niche intervention and is entirely initiated by regime actors. This is a crucial contribution challenging the conventional transitions thinking where regime actors are seen as conforming agents, whereas niche actors are the one who 'stretch and transform' (Smith and Raven, 2012) . We also found that deeper underlying normative rules also start to shift in the course of transformation and an opening up process to create spaces for niches. Electric buses, electric rechargeable batteries driven auto-rickshaws are beginning to gain momentum, and ex-ante expectations about sustainability future of public transport are taking front seats in discourses. These findings make yet another case for reconsidering the boundaries between the pathways.
To examine the boundary issue, we tried to visually locate each of the public transport regimes from Kolkata in a scatter plot depending on the evaluation of their pathway of change This is shown as in Figure 2 . Given these results, we argue that the framework of regime change looks promising to map and analyse sustainability transition in particular contexts where conventional regime destabilisation and niche led substitution storyline is not so dominant. The ambiguity about boundaries between the pathways may prove to be a challenge in the application of the framework. We believe that an explanation for this fluidity of the pathways could be that all regimes constituting public transportation in Kolkata are following three broad rules in the course of change. Examples of broader rules are digitalisation, decongestion, and pollution mitigation. According to Schot and Kanger (2018) , these can be considered 'meta-rules'. The rule of digitalisation is at the core of new cognitive rule emerging in multiple regimes aiming to meet new user preferences of convenient, efficient and on-demand mobility services.
Digitalisation meta-rule also explains the emergence of niches in taxi and cycling regime. The decongestion meta-rule is prominent in metro and tram regimes. The meta-rule is prominent in both state bus and auto-rickshaw regimes in their course of transformation. The pollution mitigation meta-rule is manifested in 'going green' initiatives: e.g. in fuel efficiency choices, investments in bike sharing and mass transit infrastructure. In the course of multi-regime interaction, these meta-rules drive towards deeper change processes, encompassing changing in more regime dimensions and different types of rules in individual regimes.
Presence of these meta-rules also helps explaining why similar rules and similar trajectories are emerging across multiple regimes. Therefore, the overlaps and interconnections between the three pathways within the continuum of change are not random. The meta-rules indicate the directions of change in the public transportation system of Kolkata.
Conclusion
We began this article with the premise that the focus on niche led transition in the sustainability transitions literature may carry a western bias. In non-western contexts, the ongoing efforts of improving already dominant public transportation regimes may perhaps be seen as different pathways of transition and not just optimisation efforts insufficient for addressing the persistent sustainability problems. We argue that the conceptual framework developed in this paper can capture regime change (change in genotype) through mapping changes in rules, trajectories and selection pressures. The framework allows us to recognise three different pathways of regime change: optimisation, transformation and transition.
Similar pathways have been identified in Geels and Schot (2007) and Geels and Kemp (2007) but based on a different method, notably in the former the specific interaction between niches, regimes and landscapes and in the later whether change emerged from the regime or niche actors. The advantage of the mapping tool advanced in this article is that it provides a more nuanced and fine-grained overview over regime change as well a systematic way of executing a regime analysis that is missing in socio-technical transitions literature.
Applying this framework, we analysed the change in public transport regimes in Kolkata in the past 15 years. This is relatively a short period, compared to historical case studies in transitions literature. However, with urban sustainability problems getting worse since the turn of the millennium, cities around the world are undergoing a rapid transition. Despite the limited factual data about specific ongoing trends of development of public transportation in Kolkata, the analysis allows capturing the escalated pace of change in just over the last decade in the mobility system in Kolkata through identifying new rules and trajectories. Based on the results of the subsequent empirical analysis, we argue that all three pathways are significant for sustainability transitions. They work together and in parallel -and reflect ongoing changes in the socio-technical system (phenotype) of mobility in Kolkata. They also help to generate meta-rules which may push towards transformation of the entire mobility system. The emergence of meta-rules may be considered as one of the primary mechanisms which trigger multi-regime dynamics (Raven and Verbong 2007) and may lead to whole system reconfiguration (Geels, 2018) .
One contribution of this paper is to illustrate that regime actors in Kolkata hold considerable credit and agency to facilitate many forms of change. They seem to understand that today's persistent mobility problems in the city are going to worsen if not quickly acted upon. As a result, they are open to alternative futures and are willing to work in those directions, albeit not in a radical way by supporting entirely new alternatives. This openness to some form of change is reflected in their investments in various ongoing innovations. Of course, regime actors we interviewed are influenced by many actors, including social movements and users.
We did not focus on that in this article, instead just focussed on the mapping of the change of rules.
The regime change framework, interconnections between the three pathways and the presence of meta-rules have significant policy implications. The mapping tables for each regime highlight the regime dimensions in which rules so far didn't change. We suggest that policy actors may think of using this mapping tool to identify gaps and invest in developing new trajectories in dimensions that are neglected so far. This is a way in which they can shape further transition in sustainable directions, by unlocking existing systems, even if through a series of incremental steps. The results of the mapping exercise will also bring out the implied directionality of the change processes by mapping the change of rules. The policy aim should be to introduce new rules along existing trajectories and initiate new trajectories along more regime dimensions. Policy actors may also target to surpass the thresholds of the existing pathway of change and move on to the next pathway. However, forcing all regimes towards transition pathway may not be desirable either. While the meta-rules will provide directionality across regimes, the variability of change processes in different regimes may also be desirable.
The regime mapping tool we propose needs further development and more testing, in a wide range of western and non-western contexts and for a broader range of regimes. A future research agenda will be to further integrate the concept of meta-rules in the regime change framework. This integration will allow tracing multi-regime dynamics and whole system change. The current framework may be further refined by developing specific indicators of rule change. If this development and testing are done in a wide range of contexts, it may help to bring out systematic differences between the west and the non-west without implying that specific transition pathways are superior to others.
